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Seagrasses, one of the important ecosystems in Indonesian coastal waters, have declined mostly due to a 
variety of multi-sector (i.e. ecology, socio-economy, technology and institution) anthropogenic disturbances. 
The decline and loss of seagrass meadows will have an effect not only on biodiversity and fisheries productivity 
within the ecosystems but also on the adjacent ecosystems (coral reef and mangrove forest), and even the effect 
will spread out far to the outside of the areas where seagrass grow.  Seagrass ecosystems management in 
Indonesia is urgently required as part of fisheries management. However, this concept has not been understood 
by most of Indonesian people, including some government officials. Consequently, the seagrass ecosystems are 
still marginalized in the coastal resource management practices in Indonesia. In order to sustain fisheries 
productivity, knowledge of impact scales of each seagrass-related multi-sector human activities are very 
important as one of basic requirements in designing an effective seagrass management.  
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Seagrasses have been known as one of the most 
important marine resources, because they  
provide a great ecological and economic 
important marine ecosystem services, including 
their capacity in sediment stabilization, water 
quality improvement, and their role in carbon 
and nutrient cycling, as well as their function to 
provide habitat for a variety of life forms in 
coastal waters and they serve as nursery, shelter 
and feeding area for many species, including 
numbers of commercially important fish and 
shellfish (Hemminga and Duarte, 2000).  
Additionally, seagrass meadows also play an 
important role in coral reef and other fisheries 
productivity (Unsworth and Cullen, 2010).  The 
seagrasses are also known as one of the most 
productive marine ecosystems following the 
mangrove and coral reefs (Blankenhorn, 2007) 
because of their relatively high biodiversity and 
primary productivity. 
Although they are important, 
unfortunately, seagrasses are seldom given the 
attention or protection they deserves. Seagrass 
decline and destruction has been commonly 
experienced by many countries, including 
Indonesia. The seagrass disturbances are coming 
from natural causes and the most is due to 
anthropogenic pressures. Growing population 
and economic development in the coastal area of 
Indonesia, especially in the small islands where 
the communities are dependent upon 
biodiversity-based livelihoods, will result in 
high accessibility to the marine living resources 
and so that increase the anthropogenic threats 
and disturbances to the coastal biodiversity, 
where seagrass ecosystems are included.  
 Hence, seagrass ecosystems 
management is important. In order to provide 
biodiversity protection and sustainable use of the 
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seagrass ecosystems, seagrass management 
should be a part of integrated coastal 
management (ICM) practices that is allowing all 
stakeholders to participate and get benefit from 
them. To do such management, an 
understanding of the importance of seagrass 
ecosystems and the impacts of anthropogenic 
disturbances on them is highly required. This 
paper review the importance of seagrass 
ecosystems in Indonesia and discuss the possible 
various anthropogenic causes and impacts of the 
seagrass decline, as well as the challenging for 
future seagrass management. 
 
THE IMPORTANCE OF SEAGRASS IN 
INDONESIA 
 
Seagrasses are flowering submerged marine 
plants that live in coastal waters. The meadow 
ecosystems they generate have been found in 
almost all part of the world, except for Antarctic 
region (Hemminga and Duarte, 2000). Globally, 
there are only 60 seagrass species distributed 
worldwide, which of 13 of them are found in 
Indonesian coastal waters (ISC 2003, Kuo, 
2007).  
Primary productivity of seagrasses is 
found highest in the Indo-Pacific (Hemminga 
and Duarte, 2000) where Indonesian waters is 
included.  The high primary production of the 
seagrasses provide valuable contribution to 
marine productivity (Dorenbosch et al., 2005; 
Unsworth et al., 2009). The primary production 
is derived not only from tissue of seagrasses 
themselves but also from epiphytes that grow 
and attach to the leaves surface of the 
seagrasses. Consequently, high abundance of 
fauna species can be found in the seagrass beds. 
It is supported by several studies in Indonesia 
(Table 1). High abundance of fauna in the 
seagrass beds is caused by service provided not 
only for  living space, shelter, and protection, 
but also serve as a basic energy source for the 
fauna (Hemminga and Duarte, 2000).   
 
Table 1. Fish and invertebrate assemblage in the seagrass beds of some areas in Indonesia 
 




Manik (2007) > 100 fish species North Sulawesi 
Sabarini and Kartawijaya (2006) 212 fish species 
Karimun Java National Park, 
Central Java 
Unsworth et al., (2007) 81 fish species 
Wakatobi Marine National Park, 
South-West Sulawesi 
Vonk et al., (2008) 
38 invertebrate species, 46 fish 
species 
Bone Batang Island, Spermonde 
Archipelago, South Sulawesi 
Rappe (2010) 28 fish species Barrang Lompo Island  
Nadiarti (2011) 63 fish species 
Kapoposang Island, Spermonde 
Archipelago, South Sulawesi 
 
Seagrasses serve as one of nutrient 
sources in the coastal ecosystems (Connolly et 
al., 2005; Vizzini, 2009), including as direct 
source of food for associated organisms 
(MacArthur and Hyndes, 2007). The same study 
results in Indonesian seagrass beds have been 
revealed by Kneer et al., (2008); Liu et al., 
(2008). These indicate the importance of 
seagrasses for a food web in tropical seagrass 
meadows, as identified in the Spermonde 
Archipelago, South Sulawesi, Indonesia (Vonk 
et al., 2008).  Seagrasses also provide service as 
a source of food for associated organism 
indirectly via detritus and epiphytes (Koch et al., 
2006; Lepoint et al., 2006).  Similar results of 
experiment done by Kaiser (2008) in Barrang 
Lompo Island of the Spermonde Archipelago, 
Indonesia, showed that siganid fishes select 
epiphytes actively against seagrass and they 
cannot effectively supply their diet with seagrass 
material without epiphytes.   
Seagrass ecosystems, besides their 
ecological value, they also have high economic 
value. In East Bintan, Riau, Indonesia, yearly 
total economic value of the seagrass beds is 




, and this value is 
contributed by marine tourism, fisheries industry 
and aesthetic function of US$ 2 447 640, US$ 1 
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131 600, and US$ 55 556 yr
-1
,  respectively 
(Dirhamsyah, 2007).   
 
SEAGRASS DECLINE IN INDONESIA, 
CAUSES AND IMPACTS 
 
Seagrass decline and loss have been widely 
reported in last decade.  For example: at 
Rottnest Island, Western Australia (Hastings et 
al., 1995); in Florida Bay, USA (Hall et al., 
1999); in South China Sea Region, in Gulf of 
Thailand, in Vietnam  Region (UNEP, 2004);  
on the Adelaide metropolitan coastline, South 
Australia (Westphalen et al., 2004); in Bermuda 
Island, USA (Murdoch et al., 2007); in Kuroshio 
Region, Japan (Nakamura, 2009). Global 





 (Waycott et al., 2009). Data from 
UMCES (2009) showed that 58% of world's 
seagrass meadows are currently decreasing, 
including Indonesia lost about 30-40% of its 
seagrass beds (UNEP, 2004). Banten Bay in 
Indonesia lost about 26% of its seagrass beds 
caused mainly by reclamation for port and 
industrial estate, and at other parts of Indonesia, 
Grenyeng Bay and Bojonegara, the seagrass 
degradation is caused by land reclamation for 
harbours (UNEP, 2004).  Seagrass decline is 
also reported occur in several areas in Derawan 
Archipelago, East Kalimantan, Indonesia, 
although the causes of the decline is still remain 
unknown (Supriadi and Kuriandewa, 2008).  
Seagrass loss is evidently happen in Gusung 
Tallang, South Sulawesi, Indonesia.  Gusung 
Tallang was one of the study areas chosen by 
Erftemeijer and Middelburg (1993) who studied 
on primary production of seagrass beds in South 
Sulawesi.  There is no one realized that the 
seagrasses in Gusung Tallang start to degrade 
and lost, until 2004 when one of the authors, Dr. 
Harald Asmus, visited the area and found that 
the seagrass ecosystems could not be 
reconfirmed anymore. 
Although coastal development and poor 
land management are commonly claimed as the 
causes of seagrass decline and loss, fisheries 
over-exploitation may become a serious threat to 
seagrass meadows in many part of the Indo-
Pacific region (Huang et al., 2006; Unsworth 
and Cullen, 2010).  Fauna exploitation activities 
in the seagrass beds by local people occur in 
several islands of Spermonde Archiplseago (Fig. 
1), though little is known about the exploitation 
level of fauna in the seagrass beds.  Dense 
population in most of the islands of the 
archipelago who mostly depend on the 
subsistence and small scale fisheries (Pet-Soede 
et al., 2001), including the fisheries products 
from seagrass ecosystems, may leads to high 
stress of the seagrass ecosystems (Priosambodo 
et al., 2006). 
 








Fig. 1.  Seagrass-associated fauna exploitation at low tide in Spermonde Islands of South Sulawesi,  Indonesia. 
(A), (B) collecting shells by mostly kids and women , (C) catching fish with gill-net (Pictures: Nadiarti 
and Andi Muarrifah). 
 
Boating, commonly found as a part of 
daily routine activities (Fig. 2) of coastal 
population in Indonesia mainly who lives in 
small islands, are believed may also contribute 
negative impacts on seagrass meadows and their 
associated fauna. Several studies have revealed 
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the damage of seagrass beds and negative effects 
on the associated fauna due to boating activities, 
including boat anchoring (Francour et al., 1999) 
and propeller scar (Bell et al., 2002; Burfeind, 
2004). The seagrass can make self-recovery and 
regrow in propeller scars, however it takes time 











Fig. 2.  Common boating activities in Indonesia. (A,B) Parking boats in seagrass beds, (C) anchoring in the 
seagrass beds as a part of  boat parking, (D) boats as the only transportation facility for the local 
coastal communities (Pictures: Nadiarti and Andi Muarifah). 
 
In addition to mechanical damage from 
anthropogenic activities, the fate of seagrass 
sustainable services are also determined by 
knowledge level of the coastal people. Most of 
them are not realized how important the seagrass 
ecosystems are. Consequently, there is limited 
effort to protect the seagrass ecosystems, and 
eventually, the uncontrolled access to the 
seagrass beds will result in more threats to the 
ecosystems.The decline and loss of each 
seagrass meadow will result in declining of 
fisheries productivity. This is because the loss of 
the ecosystem services they provide to the 
abundance of fauna (including some important 
economic species) relying on these areas for 
spawning ground and nursery habitat 
(Dorenbosch et al., 2006).   The impact of the 
continuing losses of the ecosystems will also 
expand far beyond the areas where seagrasses 
grow. Including to both shallow waters and the 
deep sea, as the export detached seagrass leaves, 
by currents and waves, has been correlated with 
high densities of invertebrates and fishes in 
these areas (Valentine et al., 2002).  The impact 
will also definitely spread out to the 
neighbouring ecosystems of seagrass, the 
mangrove forest and coral reefs.  It is because as 
an ecotone between coral reefs and mangrove 
forests in tropical coasts, the seagrass 
ecosystems are important in their interaction, 
including structural and dynamic components of 
the adjacent ecosystems (UNEP, 2004; 
Dorenbosch et. al., 2005; Unsworth et al., 
2009).   
 
CHALLENGES FOR SEAGRASS 
MANAGEMENT IN INDONESIA 
 
Seagrass meadows, in several countries 
including Indonesia, are an important 
component to their fisheries national production 
(Unsworth and Cullen, 2010). This is supported 
by Indonesia’s legislations, law 31 of 2004 
concerning fisheries and law 27 of 2007 
regarding management for coastal area and 
small islands, in which are stating that seagrass 
ecosystems are being a part of fisheries 
management.  Based on these laws, several 
projects (i.e. Marine Coastal Resources 
Management Project, Coastal Resources 
Management Project, Coral Reef Rehabilitation 
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Management Program) have been implemented 
with integrated coastal management (ICM) 
approach, where various use of the coastal 
ecosystem is managed to provide various 
requirements, including both biodiversity 
protection and sustainable use. All stakeholders 
(including government, NGOs, different 
economic sectors, and local communities) are 
then allowed to participate and get benefits.  
Through these projects, unfortunately, 
many issues established with regard to just 
mangrove and coral reefs management without 
including seagrasses.  Majority of the marine 
protection areas, as part of those projects, are 
established to protect coral reef only and have 
included minimal protection of seagrass 
meadows.  This is not only occur in Indonesia, 
but is a common phenomena worldwide (Orth et 
al., 2006).  Besides, transfer of knowledge to 
local coastal community through those projects 
are also limited just on coral reef ecosystems 
(pers. obs.).  A bigger new program, namely 
Coral Triangle Initiative (CTI) in the Indo-
Pacific region that involved six countries 
(including Indonesia), is a conservative program 
that again only focusing on coral reefs 
(www.cti.org), and yet the seagrasses are again 
still marginalized in the marine coastal resources 
management practices. 
Education and monitoring programs of 
seagrasses in Indonesia, particularly in Komodo 
National Park (Pedju, 2004) have been initiated 
by volunteer programs, namely SeagrassWatch 
(www.seagrasswatch.org) and SeagrassNet 
(www.seagrassnet.org).  Additionally, various 
threats (including physical destruction, 
reclamation, dredging, demersal fishing, sand-
mining, waste disposal, land based runoff, 
eutrophication, water clarity and hotel building) 
which identified as potentially to damage 
Indonesian seagrasses, are suggested to be 
concerned through more effective legislation 
over education and management planning (Cole 
and McKenzie, 2005). However, these are not 
enough to guarantee the sustainable function and 
services of seagrass ecosystems without 
knowing what are seagrass-related human 
activities from any dimensions (such as ecology, 
socio-economy, technology and institution) and 
what are their impact scales on the sustainability 
of seagrass ecosystems.  It is because, human 
activities have interconnection with coastal 
resource system (Scura et al., 1992 in Cicin-Sain 
and Knecht, 1998, Fig. 3) and have a great 
contribution to the seagrass decline and loss.  
Accordingly, seagrass management should be a 










Fig.3.  Relationship of human activities and coastal resource systems (redrawn from Cicin-Sain and  Knecht, 
1998). 
The impact scale will tell us, how bad or good 
the human activities to the sustainable function 
of seagrass ecosystems.  Recognizing various 
human activities from each dimension (socio-
economy, ecology, technology, or institution) 
and their impact scale to the seagrass 
ecosystems, will provide a clear figure of which 
activity have most influence to the existing 
condition of seagrass ecosystems. The challenge 
is to search for ways to ensure the continued 
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function and service of seagrass ecosystems 
through improvement and control of the most 
influenced human activities. This is not an easy 
way to be applied because the understanding of 
the importance of seagrass ecosystems by most 
of Indonesian people, including government 
officials are still very limited. So, another 
challenge has to be faced is how to improve 
knowledge and awareness of these people 
regarding to the importance of seagrass 
ecosystems.  Overall, the most challenging is 
how these people realize on the importance of 
the seagrass ecosystems and to obtain their 





To some extent, managing seagrass is an 
essential part of managing the fisheries, 
especially in nursery stage, and the impact scales 
of each seagrass-related human multi-sector 
activities are very important to be identified and 
to be included in ICM practices.  By knowing 
this, alternative strategies of seagrass integrated-
management may be designed in advance to 




The authors thank to Prof. Jamaluddin Jompa, 
Prof. Budimawan and Dr. Khusnul Yaqin for 
their constructive comments on earlier drafts of 
this manuscript.  Authors also thank to Andi 
Muarifah for some of photographs  in this paper.  
Some supporting references were kindly 
provided by coordinator and staffs of Centre for 
Coral Reef Research (CCRR) within 
Hasanuddin University of Indonesia.  Review on 
Challenging for Seagrass Management In 
Indonesia  by Nadiarti was a part of PhD Thesis 
within the SPICE (Science for Protection of 
Indonesian Coastal Ecosystems) Project and 
financed in part by the Indonesia Directorate 




Bell, S.S., M.O. Hall, S. Soffian and K. Madley. 
2002.   Assessing the impact of boat 
propeller scars on fish and shrimp utilizing 
seagrass beds. Ecol. Appl. 12:206-217. 
 
Blankenhorn, S.U. 2007.  Seaweed farming and 
artisanal fisheries in an indonesian 
seagrass bed – complementary or 
competitive usages? PhD Thesis. 
Universität Bremen, Bremen, Germany. 
 
Burfeind, D. 2004.  Effects of Propeller Scarring 
on Seagrass-Associated Fauna. MSc 
Thesis. Texas A&M University-Corpus 
Christi. Texas, USA.   
 
Cicin-Sain, B and R.W.  Knecht. 1998.  
Integrated Coastal and Ocean 
Management: Concepts and Practices. 
Island Press. Washington D.C.   
 
Coles, R.G. and L.J. McKenzie. 2005. Seagrass 
3M workshop: Mapping, Monitoring & 
Management of Seagrass Resources in the 
Indo-Pacific. Report to UNH on workshop 
held at The Nature Conservancy, 
Southeast Asia Center for Marine 





May 2005.  
 
Connolly, R.M., J.S. Hindell and D. Gorman.  
2005.  Seagrass and epiphytic algae 
support nutrition of a fisheries species, 
Sillago schomburgkii, in adjacent 
intertidal habitats.  Mar. Ecol. Prog. Ser. 
286:69-79. 
 
Dawes, C.J., J. Andorfer, C. Rose, C. 
Uranowski. and N. Ehringer. 1997.  
Regrowth of the  seagrass Thalassia 
testudinum into propeller scars. Aquat. 
Bot. 59:139-155. 
 
Dirhamsyah. 2007.  An economic valuation of 
seagrass ecosystems in East Bintan, Riau 
Archipelago, Indonesia.  Oseanol. Limnol. 
Indones. 33:257-270. 
 
Dorenbosch, M., M.G.G. Grol, I. Nagelkerken 
and G. van der Velde.  2005.  Distribution 
of coral reef fishes along a coral reef–
seagrass gradient: edge effects and habitat 
segregation. Mar. Ecol. Prog. Ser. 
299:277-288. 
 
Journal of Coastal Develpopment           ISSN : 1410-5217 





Dorenbosch, M., M.G.G. Grol, I. Nagelkerken 
and G. van der Velde.  2006.  Seagrass 
beds and mangroves as potential nurseries 
for the threatened Indo-Pacific humphead 
wrasse, Cheilinus undulatus and 
Caribbean rainbow parrotfish, Scarus 
guacamaia.  Biol. Conserv. 129:277-282. 
 
Erftemeijer, P.L.A. and J.J. Middelburg. 1993.  
Sediment-nutrient interactions in tropical 
seagrass beds: a comparison between a 
terrigenous and a carbonate sedimentary 
environment in South Sulawesi 
(Indonesia).  Mar. Ecol. Prog. Ser. 
102:187-198. 
 
Francour, P.,  A. Ganteaume and  M. Poulain.  
1999.  Effects of boat anchoring in 
Posidonia oceanica  seagrass beds in the 
Port-Cross National Park (north-western 
Mediterranean Sea).  Aquat. Conserv. 
9:391-400. 
 
Hall, M.O., M.J. Durako, J.W. Fourqurfan, J.C. 
Zieman.  1999.  Decadal changes in 
seagrass distribution and abundance in 
Florida Bay.  Estuaries. 22(2B): 445-459. 
 
Hastings, K., P. Hesp and G.A. Kendrick.  1995.  
Seagrass loss associated with boat 
moorings at Rottnest Island, Western 
Australia.  Ocean. Coast. Manag. 26(3): 
225-246. 
 
Hemminga, M.A. and C.M. Duarte. 2000.  
Seagrass Ecology. Cambridge University 
Press. New York. 
 
Huang, X., L. Huang,  Y. Li,   Z. Xu, C.W. 
Fong, D. Huang, Q. Han, H. Huang, Y. 
Tan and S. Liu. 2006. Main seagrass beds 
and threats to their habitats in the coastal 
sea of South China.  Chinese Sci. Bull. 
51(2):136-142. 
 
ISC [Indonesian Seagrass Committee].  2003.  
Review National Data: A. The status of 
Indonesian Seagrass Ecosystem and B. 
Past and ongoing activities related to 
management of Indonesian Seagrass 
Ecosystem. UNEP-GEF Project: 
Reversing Environmental Degradation 
Trends in South China Sea and Gulf of 
Thailand.  Jakarta, Indonesia. 
 
Kaiser, D.  2008.  Grazing Pressure of 
Herbivorous Fish on Epiphytes in Tropical 
Seagrass Beds of South Sulawesi, 
Indonesia.  Diplomarbeit. Universität 
Bremen. Bremen, Germany. 
 
Kneer, D., H. Asmus, H. Ahnelt and J.A. Vonk. 
2008.  Seagrass as the main food source of 
Neaxius acanthus (Thalassinidea: 
Strahlaxiidae), its burrow associates, and 
of Corallianassa coutierei (Thalassinidea: 
Callianassidae).  Estuar. Coast. Shelf. S. 
79:620-630. 
 
Koch, E.W., P.S. Larry, C. Shih-Nan, D.J. 
Shafer and J. McKee Smith.  2006. Waves 
in Seagrass Systems: Review and 
Technical Recommendations.  System-
Wide Water Resources Program 
Submerged Aquatic Vegetation 
Restoration Research Program.  Engineer 
Research and Development Center. 
ERDC. U.S. Army Corps of Engineers, 
Washington, D.C.  
 
Kuo, J. 2007. New monoecious seagrass of 
Halophila sulawesii (Hydrocharitaceae) 
from Indonesia.  Aquat. Bot. 87:171-175. 
 
Lepoint, G., A-S. Cox, P. Dauby, M. Poulicek  
and  S. Gobert.   2006.  Food sources of 
two detritivore amphipods associated with 
the seagrass Posidonia oceanica leaf litter.  
Mar. Biol. Res. 2:355-365. 
 
Liu, H.T.H., D. Kneer, H. Asmus and H. Ahnelt.  
2008. The feeding habits of Austrolethops 
wardi, a gobiid fish inhabiting burrows of 
the thalassinidean shrimp Neaxius 
acanthus.  Estuar. Coast. Shelf. S. 79:764-
767. 
 
MacArthur, L.D. and G.A. Hyndes.  2007.  
Varying foraging strategies of Labridae in 
seagrass habitats: Herbivory in temperate 
seagrass meadows? J. Exp. Mar. Biol. 
Ecol. 340:247-258. 
 
Manik, N.  2007.  The structure of fish 
community in the seagrass bed of Tanjung 
Journal of Coastal Develpopment           ISSN : 1410-5217 





Merah, Bitung.  Oseanol. Limnol. 
Indones. 33:81-95. [in Indonesian 
Language, English abstract]. 
 
Murdoch, T.J.T., A.F. Glasspool, M. 
Outerbridge, J. Ward, S. Manuel, J. Gray, 
A. Nash, K.A. Coates.  2007.  Large-scale 
decline in offshore seagrass meadows in 
Bermuda.  Mar. Ecol. Prog. Ser. 339:123-
130. 
 
Nadiarti, E. Riani, I. Djuwita, A. Purbayanto and 
S. Budiharsono.  2011.  A Comparison of 
Fish Distributions Pattern in Two 
Different Seagrass Species-dominated 
Beds in Kapoposang Island, South 
Sulawesi.  Study Report [Unpublished]. 
 
Nakamura, Y.  2009.  Status of seagrass 
ecosystems in the Kuroshio Region: 
Seagrass decline and challenges for future 
conservation. Kuroshio Sci. 3(1):39-44. 
 
Orth, R.J., T.J.B. Carruthers, W.C. Dennison, 
C.M. Duarte, J.W. Fourqurean, K.L. Heck 
Jr., A.R. Hughes, G.A. Kendrick, W. J. 
Kenworthy, S. Olyarnik, F. T. Short, M. 
Waycott, and S. L. Williams. 2006. A 
global crisis for seagrass ecosystems. Bio. 
Sci. 56(12):987-996. 
 
Pedju, M.  2004.  Report on Seagrass 
Monitoring in Komodo National Park, 
July 2002 – July 2003.  Report from The 
Nature Conservancy, Southeast Asia 
Center for Marine Protected Areas in 
collaboration with Komodo National Park 
authority. TNC Southeast Asia Center for 
Marine Protected Areas.  
Pet-Soede, C., W.L.T. van Densen, J.S. Pet, 
M.A.M. Machiels.  2001.  Impact of 
Indonesian coral reef fisheries on fish 
community structure and the resultant 
catch composition.  Fish. Res. 51:35-51. 
 
Priosambodo, D., H. Asmus, S. Blankenhorn, D. 
Kneer, H.T. Liu, P. Polte and P. 
Schauerte.  2006.  Macrozoobenthos 
Communities in Seagrass Beds in the 
Spermonde Archipelago, South Sulawesi, 
Indonesia. Paper presented at the 
SPICE/LOICZ/ATSEF/SEACORM 
(SLAS) Southeast Asia Coastal 
Governance and Management Forum: 
Science Meets Policy for Coastal 
Management and Capacity Building, 
November 14–16, in Tuban, Bali, 
Indonesia. 
 
Rappe AR. 2010. Fish community structure in 
different seagrass beds of Barrang 
Lompo Island. J. Ilmu. Teknol. Kelautan. 
Trop. 2(2):62-73 (in Indonesian). 
 
Sabarini, E.K. and T. Kartawijaya. 2006. Survey 
Technical Report of Seagrass Ecosystems 
and Fish Composition in National Park 
Karimunjawa during 2005. Wildlife 
Conservation Society (WCS) – Marine 
Program Indonesia.  Exernal report no. 
REP/VIII/EXT/02/06/BAH. Bogor, 
Indonesia. (in Indonesian). 
 
Supriyadi, I.H. and T.E. Kuriandewa.  2008.  
Seagrass Distribution at Small Islands: 
case study of Derawan Archipelago, East 
Kalimantan Province, Indonesia.  
Oseanol. Limnol. Indo. 34:83-99. (in 
Indonesian ) 
 
[UMCES] University of Maryland Center for 
Environmental Science. 2009.  
Disappearing Seagrass Threatening Future 







UNEP. 2004. Seagrass in the South China Sea. 
UNEP/GEF/SCS Technical Publication 
No. 3. Bangkok, Thailand. 
 
Unsworth, R.K.F. and L.C. Cullen. 2010.  
Recognising the necessity for Indo-Pacific 
seagrass conservation.  Conserv. Lett. 
00:111. 
 
Unsworth, R.K.F., S.L. Garrard, P.S. De León, 
L.C. Cullen, D.J. Smith, K.A. Sloman  and  
J.J. Bell.  2009.  Structuring of Indo-
Pacific fish assemblages along the 
mangrove–seagrass continuum. Aquat. 
Biol. 5:85-95. 
 
Unsworth, R.K.F., E.Wylie, J.J. Bell and D.J. 
Smith. 2007.  Diel trophic structuring of 
Journal of Coastal Develpopment           ISSN : 1410-5217 





seagrass bed fish assemblages in the 
Wakatobi Marine National Park, 
Indonesia.  Estuar. Coast. Shelf. Sci. 
72:81-88.  
Unsworth, R.K.F., P.S. De León, S.L. Garrard, 
J. Jompa, D.J. Smith and J.J. Bell.  2008.  
High connectivity of Indo-Pacific seagrass 
fish assemblages with mangrove and coral 
reef habitats.  Mar. Ecol. Prog. Ser. 
353:213-224. 
 
Valentine, J.F., L.H. Kenneth Jr. and A.M. 
Cinkovich.  2002.  Impacts of seagrass 
food webs on marine ecosystems: A need 
for a broader perspective.  Bull. Mar. Sci. 
7(3):1361-1368.  
 
Vizzini, S.  2009.  Analysis of the trophic role of 
Mediterranean seagrasses in marine 
coastal ecosystems: a review.  Bot. Mar. 
52(5):383-393. 
 
Vonk, J.A., M.J.A. Christianen and J. Stapel.  
2008.  Redefining the trophic importance 
of seagrasses for fauna in tropical Indo-
Pacific meadows.  Estuar. Coast. Shelf.  
79:653-660. 
 
Waycott, M., C.M. Duarte, T.J.B. Carruthers, 
R.J. Orth, W.C. Dennison, S. Olyarnike, 
A. Calladine, and J.W. Fourqurean.  2009.  
Accelerating loss of seagrasses across the 
globe threatens coastal ecosystems.  
Proceedings of the National Academy of 
Sciences of the United States of America 
(PNAS) 106 (30):1237712381. 
 
Westphalen, G., G. Collings, R. Wear, M. 
Fernandes, S. Bryars  and A. Cheshire. 
2004. A Review of Seagrass Loss on the 
Adelaide Metropolitan Coastline. ACWS 
Technical Report No. 2 prepared for the 
Adelaide Coastal Waters Study Steering 
Committee. South Australian Research 
and Development Institute (Aquatic 
Sciences). Publication No. RD04/0073, 
Adelaide, Australia. 
 
 
 
 
